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/Following is a translation of the article

by Ye. I. BaLabanov? L. A, Berlin, V. P.

Parini, V. L. Ta] roze, Ye. L. Frankevich,

and M. I. Cherkeshin entitled- “Eﬁektcopro~

vodnosot! pallmercv & aopryazhen&vml svya-

. zyemi" (English version above) in Doklady

' Aksdemii Kauk S68R (Reports of the Acusﬁmy
of Sciences USSR, Vol 134, No 5, Moscow,
3960, pages 112%-1126 /

(Presﬂufaa by Acaﬂemvaam V. R. Kondrat'yev
L 14 June 1920)

in connection with the problem of obtaining orgsn~
ic polymeric substances with different electro-physicsal
properties, including the probjem ¢f organic semiconduct-
ors, the extensive study (L) of bleﬁtrJC&l prooeﬂtleﬁ of
different types of polvmerlc substances with systsms of
conaugatcu bonde snd heterscyclic atoms in the conjugste
ing chain is of interest. The auvuthors have synthesized
the class of polymers enumersted bpelow and have made s
study of their electricel conductlvity and of its depend-

- ence on temperature,

1. Polymers with acyclic conjugating chains (2s2):
polyphenylacetylene (1) snd copolvmers of polyphenylace-
tylene with hexyne (2) and with paradiethinglbencene (3).

2e Polymer with benzene rings iun the conjugating

chain: polyphenylene
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!polyphenylenazo compounds (4~8) of the type
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where X = H (5 CH; (6), CCOH (/);'pulympric aromatic

“and ¢33bhat16uaromatiu compounds containing quinocid and
amino groups (7 8) polyph@nylemamznoquzzoncu of the

type : - ‘
if o ,
o fit \?*" ,
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R X775 . .

“where ¥ = H (8), C1 (9), with B = H and % = H (10) with
R = COOH; poly-n-phenylendiaminoguinone (11), polyhexa-

methy¢ened1gmlnoqain0ﬂn (12} o ]
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- and pniyihvnyim aJoquzuomeb of the type

where R = H (13} &nd COOE (14); polymeric triazene (15),
a Guhqtance containing quinonimine groupings (16)
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polymeric chelate compoumdm (9- of polydi)bfnf7941roqu1n~
one with metals (for exampie, coprer {17
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IMoiecular complexes of acerephthene with chloranil (18)d1"
and with the pyridore derivative of polyphenylenamino-
quinone (19) were also synthesigzed. o

' 5. Compounds with nonbenzoid rings in the conjug-
ating chains: tetrssalicylferrocene gg“) and polymeric
?helat§ complexes of it (10) with Fe™ and with Re't

21,22 -

s

be Pmlymerig chel§§e groups of percyanethylene with
Cu” " (23) and with Fe (11,12).

The synthesis and proverties of some of the above-
enumeratsd compounds (for example, 8, 10, 11, 1%, and 14)
have up till now not been illuminated in publications.

In the nesr future special publications will be devoted
to then. ,

Polymers containing quinoid nuclei (10,14) in the
conjugating chsin, andé particularly compounds in which
the quinoid structure is comnnected to the chain by a het-
ero-atom of nitvroger (1€), are of considerable interest.
In such substances a sharp decresse in the €nergy excita-
tion of the triplet state can bhe expected and, in some
cases, also the formation of radical ionic structures.

The specimens investigated were, for the most part,
tablets 10-12 mm in diameter.

Ir the present report we will limit ocurselves to
gerieral characterizatior of the derived regularities. In
all cases with temperature increase the electrical cond-
uctivity rose in accordence with the law, & = o . exp{~E/kt)
where ¢, and ¥ are constants in the given exampfe.

Deviations from this law cccurred only close to
the disinteprstion temperature level of the substance.

The values of & obtained from 4.6 kiloc:l/mols (0.2 ev)
for subctaonce 16 to 49.5 kilocsl/mole (2.1 ev) for poly-
phenyiacastylere, and even up to Sz kilocsl/mole for the

comnlexes of scenaphthens with chloranil.,

Tne manner of processing the specimens has a great
effect on these paramsters, Tohus, for example, the size.
of the pre-exponent for polyphenylacetylene decresses 22
orders of magnitude in the transition “rom the film that
Zas obtained from the selvent, to the tablet compressed._j
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There occur%, however,

at this

-

time a decresse in :

the "activation energy" E, s6 that the electrical conduct-

ivity of both specimens
be approximately egual.

at rcom temperature appears to
A similar phenomenon in the

SYii~-

batic change of the pre-exponent and the sctivation euner-
gy is often called a comnen@ating effect, and there exist
a series of analogies in chemiceal kinetics and catalysis,

(13).

-biit for electrical conductivity cobserved on metal oxides ew
The nature. of the conpensating effect is still not
© clear; one of the theoretical approaches to the solutlon
" of the protlem was examined recently (14).

It seemed that in our cases the compensating ef-

fect appeared to be the rule covering &ll, or almost sll,

dent from figure 1. wheré the given table 1 is broken
down in%c cocrdinates g & ~- E.

‘derived substances. This is e»pecial]y graphically evi-

" ABRLE 1

Specl L - xcall &, . C. - Remarks
ﬁr ohi % Con~ | BofinTe] O0TR
1a | 4-10'®  Jag.s 107 7| Polymer film formed at

-y ; : 150 C
16 | 510" jar.s j2-107 7 polymert sgtion conducted
1 11 . ~19)_. at 400VC y
le 210 LY 1310 Filw from mixture of poly-
6 -15 mers la and 16

- 1d §~10? 32.2 10

le 105 22 10=-M Fraction of specimen 16
-2 -3 dissolved in benzene

1f 2410~ 8.5 10 Fraction of mpCClECQ 16
4 15 dissolved in pyridine

lg 210 154 1210 Polvveflzd Jun conductesd

at ])O C, teblets com~-

10 -15) pressed at quO C

2¢ 107 49 107+ 2} Temperature rarge 20-~50° g

2" | 510/ 29 ===y o Tempersture rsnge 50-100°C

3 6.4°1C 7, 17.%5 1Qm1f «

4 (Re R 3.1 210775 | \ .
Sa 4¢ 25 + 1410 Tl Specipen heate? at aC0Y ¢
5§ 1 21 1,10 Ly Wishout Lesting ~
6 }1-0.1 202 lO“Llﬁ gf
7 1 15;.A- ' 1({;1,

8 | 30 4 24 10727
19 2¢10 23.7 107+ N
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T 4 B L E 1 (continued) K

Spec, G kesal ﬁ: B W 3

Nr. | ohn l"cm"l e SO0TE Remarks

10a | 105, 29 | 10033 |ems ,
10b 'lO*ﬁ ?.?" 2.10»10 Qerlved‘?gder the same
= A Y conditions
. 11 10_, 20.2 2'1Q“;6 e
12 10”7 15.6 5‘10m§6
1%& 10 8 1% 2+1 S0 iDerived und £
126 1078 25 1072 LQ&lwaiﬁy.@r he same
Ta : ~10 conditions - :
14 510 20.2 10_35
154 50¢ 2% lo"j‘“g
15b 6*365 0.2 107 4
ig! 107 10.% Ze107 7 (Tempersture range Huwum
16N A0, A4LB -~y gl Tenperature range 40- 8C C
17 100, 25.4  (4r10717
18at] 3°10° 67.5 §%.107"7 |Ratio of acenapbthene:
' : ahloranil 1:1; tenpers-
e ture range ?Qer“C o
18aY ﬁ*ZOuf 45,5 = Tenpersture raage 50m80 C
18h ©. 4710 Qr 2107 matqu of scene thnen
chlo il 1: £ ‘LS‘&}‘JPT&"
i " R ‘tuxe Tange h»a-v C ,
19 5-10;1 24 .5 ﬁ"l@wﬁo
20a 1Qw5 176 Lﬁwii
206 § 5«10 12 LT thubstance 20a neated a2t
E 20070
21 1 10.6 10 g
2e 5 11,7 10“51
23 2 15.2 107 .

* Spetimens whoge st Iu“?hd line lg@@--i ”‘Uﬂdb”fﬁnt Jigsure.
Nuw,vxo with one and tTw¢ trckeﬂ rafer to the sare speci-
men hefore and after'f;ssure. '

Some of the smell numbers representing powers of ten
appesred blurred in the originel and «n have not been
tyead with certainty, / ,

N

Here w2 rave ; 2. ‘ubs peovrrenaes of the

compenzating R ' of sixty (1) orders of

magnitude of ge g-ayporent end a twenty~fold
change in the activ L)uﬂ ﬂterpv for substances of different

structure .

A S&Ti&ﬂ of syecimsars studied posszsses c¢lectrica 3;



Lonductivity surpazsing the electrical conductivity of MT
the common organic non-conductors by several orders of
magnitude. This refers, first of all, to specimens 16,
21, andé 22, which, in terms of their electrical ccnduct-
ivity, approach socme of the organic semicornductors, known
from publications (iéﬁ£2>' '

i

4§aption to Fiéure 1 on page 1125 of original, not re-
produced here./:

Figure 1. Relation between the pre-exponent multiplier
and the activation energy of electrical conductivity.

The strong dependence of & to T, which is correl-
gted with the high value of E, in cases of polyphenylacet-
vlene (which are typical insulatorg st room temperature)
is of great interest. In conjunction with a large O this
leads to the result that, with an increase in tempe%ature
the ¢ of polyphenylacetylene "attains" the & of a whole
series of polymers which show high electrical conductivity
et room tenmperature. A

One can expect that further investigations will
permit uve to establish the connection between electro-
physical properties and the structure of single polymer
molecules and the materials derived from them. ‘
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